Interaction of heparin with human angiogenin.
HT-29 human colon adenocarcinoma cells adhere rapidly to human angiogenin (Ang) via interactions with cell-surface heparan sulfate moieties (Soncin, F., Shapiro, R., and Fett, J. W. (1994) J. Biol. Chem. 269, 8999-9005). Soluble heparin inhibits adhesion, and Ang itself binds tightly to heparin-Sepharose. In the present study, the interaction of Ang with heparin has been further characterized. The basic cluster Arg-31/Arg-32/Arg-33 has been identified as an important component of the heparin binding site. Mutations of these residues, and of Arg-70 as well, decrease both the affinity of Ang for heparin-Sepharose and the capacity of Ang to support cell adhesion. Replacements of four other basic residues do not affect heparin binding. Heparin partially protects Ang from cleavage by trypsin at Lys-60, suggesting that heparin also binds to the region of Ang that contains this residue. The map here determined indicates that the heparin recognition site on Ang lies outside the catalytic center; indeed, heparin has no significant effect on the ribonucleolytic activity of Ang. It also does not influence the angiogenic activity of this protein. Light scattering measurements on Ang-heparin mixtures suggest that 1 heparin chain (mass of 16.5 kDa) can accommodate approximately 9 Ang molecules. The minimum size required for a heparin fragment to effectively inhibit HT-29 cell adhesion to Ang was determined to be 6 disaccharide units. The implications of these findings for inhibition of Ang-mediated tumor establishment in vivo are discussed.